Introduction
============

Over the past few decades, heavy metal contamination of aquatic system has attracted the attention of several investigators both in the developed and developing countries of the world. Many industrial and agricultural processes have contributed to the contamination of fresh water systems thereby causing adverse effects on aquatic biota and human health \[[@b1-ijerph-04-00158], [@b2-ijerph-04-00158]\]. The fact that heavy metals cannot be destroyed through biological degradation and have the ability to accumulate in the environment make these toxicants deleterious to the aquatic environment and consequently to humans who depend on aquatic products as sources of food. Heavy metals can accumulate in the tissues of aquatic animals and as such tissue concentrations of heavy metals can be of public health concern to both animals and humans \[[@b3-ijerph-04-00158], [@b4-ijerph-04-00158]\].

Many Rivers in Nigeria have been reported to be polluted principally due to the discharge of untreated wastes into rivers by many industries \[[@b5-ijerph-04-00158]\]. For instance heavy metals like copper, chromium; iron, zinc, cadmium, lead and mercury were found to contaminate the Kaduna River in Nigeria because local textiles, breweries and refineries discharge their untreated waste products into the river \[[@b6-ijerph-04-00158]\]. Furthermore Alinnor \[[@b6-ijerph-04-00158]\] recently reported that Aba River is polluted due to discharge of wastes from five different industries located close to it. However, Ogun River has received little attention in this respect and no published data exist so far.

Ogun River flows in Ogun state of Nigeria and it is located to two heavily industrialized cities Lagos and Sango-Ota in Nigeria. About six different industries discharge their wastes into the river. The industries include Vitabiotics, Nestle, Glaxos, Smith kline, Sona Breweries and Nigerian German chemicals. People also rear cattle near this river. The river serves as sources of drinking water, fishing and other domestic uses for the population. In view of the enormous discharge of industrial effluents into this river, it becomes imperative to investigate the extent of pollution in the river.

Fish are largely being used for the assessment of the quality of aquatic environment and as such can serve as bioindicators of environmental pollution \[[@b2-ijerph-04-00158], [@b7-ijerph-04-00158]\]. Heavy metals accumulated in the tissues of fish may catalyze reactions that generate reactive oxygen species (ROS) which may lead to environmental oxidative stress. Defensive mechanisms to counteract the impact of ROS are found in many mammalian species including aquatic animals such as fish. These systems include various antioxidant defense enzymes such as superoxide dismutases which catalyze the dismutation of superoxide radical to hydrogen peroxide, catalase acting on hydrogen peroxide, glutathione S-transferase family possessing detoxifying activities towards lipid hydroperoxides generated by organic pollutants such as heavy metals \[[@b8-ijerph-04-00158]\].

African catfish (*Clarias gariepinus*) is of great commercial importance because it is the most common fresh water fish widely consumed in Nigeria \[[@b9-ijerph-04-00158]\]. It can therefore be a good model to study responses to various environmental contaminants. We therefore report for the first time the levels of Zn, Cu, Cd, As and Pb in the kidney, liver, gills and heart of *Clarias gariepinus* and aquatic environmental stress using antioxidant enzyme system and malondialdehyde formation as surrogate biomarkers of aquatic pollution in Nigeria Ogun River African cat fish.

Materials and methods
=====================

Fish
----

*Clarias gariepinus* were caught from Ogun River and transported to the laboratory in ice-cold containers (0--4°C) on the same day. The fish samples were kept alive for at least 24hrs to minimize stress. Control fishes were collected from Government owned fish farm in Agodi, Ibadan, Nigeria. According to our knowledge, the fish farm is devoid of any industrial or any other facilities that could cause pollution and thus affect the biochemical responses of the control fish. The fish samples (20) weighed between 470 -- 570g. The fishes were dissected and the liver, heart, gills and kidney were quickly removed and the post - mitochondria fraction was prepared as follows: The organs were washed in ice-cold 1.15%, KCl solution blotted and weighed. They were then homogenized in 4 volumes of homogenizing buffer (50 mM Tris - HCl mixed with 1.15% KCl and pH adjusted to 7.4), using Teflon Homogenizer. The resulting homogenate was centrifuged at 10,000g for 20 min in a Beckman L5-50B centrifuge at 0--4°C. The supernatant was decanted and stored −20°C until analysis.

Determination of heavy metals in the tissues
--------------------------------------------

The levels of Cd, Zn, Pb, As and Cu of the post mitochondria fraction of the tissues (Kidney, liver, gills and heart) were determined with the aid of Bulk Scientific Atomic Absorption Spectrophotometer, AES, 2000 series. An acetylene air mixture was used as the flame. The working standard for each of the metals were aspired into the flame in the order of 0.0 ppm, 0.8 ppm and 1.6 ppm. The values were used to plot a standard curve. The tissues were then aspirated into the flame and the values were obtained by extrapolation from the standard curve.

Total Protein Estimation
------------------------

The protein content of the various fractions was estimated by the method of Lowry et al. \[[@b10-ijerph-04-00158]\] using bovine serum albumin as standard.

Assay of Glutathione and Glutathione S-transferase
--------------------------------------------------

Glutathione (GSH) was determined in the 10, 000 g supernatant fraction of the liver, kidney, gills and heart homogenates of *Clarias gariepinus* according to Jollow et al. \[[@b11-ijerph-04-00158]\] at 412 nm using 5,5'-dithio-bis-2-nitrobenzoic acid (DTNB). Glutathione *S*-transferase (GST) activity was determined by the method of Habig et al. \[[@b12-ijerph-04-00158]\] using 1 chloro 2,4 dinitrobenzene as substrate. The reaction mixture (3 ml) contained 1.7 ml of 100 mM phosphate buffer (pH 6.5), 0.1 ml of 30 mM CDNB. After preincubating the reaction mixture at 37°C for 5 min, the reaction was started by the addition of 0.1 ml diluted sample and the absorbance was followed for 5 min at 340 nm. Reaction mixture without the enzyme was used as blank. The specific activity of glutathione S-transferase is expressed as nmoles of GSH-CDNB conjugate formed/min/mg protein using an extinction coefficient of 9.6 mM^−1^cm^−1^.

Assay of Antioxidant Enzymes
----------------------------

Superoxide dismutase (SOD) activity was determined by measuring the inhibition of autoxidation of epinephrine at pH 10.2 at 30°C as described by Magwere et al. \[[@b13-ijerph-04-00158]\]. One unit of SOD activity is the amount of SOD necessary to cause 50% inhibition of epinephrine autooxidation. Activity of catalase (CAT) was determined according to the procedure of Clairborne \[[@b14-ijerph-04-00158]\] by following the absorbance of hydrogen peroxide at 240 nm, pH 7.0 and 25°C.

Determination of Malondialdehyde (MDA)
--------------------------------------

Lipid peroxidation was determined by measuring the thiobarbituric acid reacting substances (TBARS) as described previously \[[@b15-ijerph-04-00158]\]. Malondialdehyde (MDA) was quantitated by using Σ = 1.56 × 10^5^ M^−1^ cm^−1^\[[@b16-ijerph-04-00158]\].

Statistics
==========

All variables were tested for normal distribution using the Kolmogorov-Smirnov test (P\>0.05) and for homogeneity of variance among groups using the Levene's test (P \> 0.05). ANOVA was used to compare the experimental groups. If significant differences were found (P \< 0.05), the treatment groups were compared with the control group using student's test. All the statistics were carried out in SAS (The SAS System for windows, v8; SAS Institute Inc., Cary, NC).

Results
=======

Heavy Metal Levels
------------------

[Table 1](#t1-ijerph-04-00158){ref-type="table"} shows the levels of heavy metals in the liver, kidney, gills and heart of *Clarias gariepinus* from the Ogun River. Heavy metals were accumulated in the organs of the fish to varying extent. The trend of accumulation of the metals in the organs is as follows: Heart - Zn \> Cu \> Pb \> As \> Cd; Gills - Zn \> Cu \> Pb \> Cd \> As; Kidney -Zn \> Cu \> Pb \> As \> Cd; Liver - Zn \> Cu \> Pb \> As \> Cd. The order of concentration of the metals in the organs is as follows: Arsenite -Kidney \> Liver \> Gills \> Heart ; Zinc -Gills \> Liver \> Kidney \> Heart ; Lead- Liver \> Kidney \> Gills \> Heart.; Copper- Kidney \> Liver \> Gills \> Heart; Cadmium \> Liver \> Gills \> Kidney \> Heart.

The concentrations of Cd, Pb, As, Cu and Zn in all the organs ([Table 1](#t1-ijerph-04-00158){ref-type="table"}) were higher than the acceptable limit for consumption by international standards (FAO, UNEP and WHO). The acceptable limits for consumption for the metals are as follows: Lead - 0.29 ppm, Zinc - 5.0 ppm, Arsenite - 0.01 ppm, Copper - 0.5 ppm and Cadmium - 0.05 ppm \[[@b17-ijerph-04-00158]--[@b20-ijerph-04-00158]\]. In addition the levels of the metals in the organs of fish from the Ogun River were higher than the control levels (Agodi fish farm) ([Table 1](#t1-ijerph-04-00158){ref-type="table"}).

Antioxidant and Detoxification Enzymes Activities
-------------------------------------------------

The activities of antioxidant enzymes in the various organs of *Clarias gariepinus* from the Ogun River are presented in [Figures 1](#f1-ijerph-04-00158){ref-type="fig"}[](#f2-ijerph-04-00158){ref-type="fig"} and [3](#f3-ijerph-04-00158){ref-type="fig"}. SOD activities in fish from the Ogun River were found to be significantly (P\<0.01) increased in the liver and kidney but insignificantly (P\>0.05) in the heart of the fish compared to that from the Agodi fish farm. The activity of this enzyme decreased significantly in the gills (P\<0.001). The percentage increase in SOD activities were 61%, 50% and 28% respectively compared to control ([Fig 6](#f6-ijerph-04-00158){ref-type="fig"}). SOD decreased in the gill by 44% compared to control ([Fig 6](#f6-ijerph-04-00158){ref-type="fig"}). While CAT activities were significantly reduced by 46%, 41%, and 50% in the liver, kidney and gills of *Clarias gariepinus* from the Ogun River respectively and insignificant reduction (19%) was observed in the heart (P\>0.05). The levels of GST activities in the liver, kidney and heart of *Clarias gariepinus* from the Ogun River were high compared to that from the Agodi fish farm (P\<0.001) but there was a significant decrease in the gills (P\<0.05). The level increased by 62%, 72% and 37% respectively in the liver, kidney and heart and decreased significantly (41%) in the gills (P\<0.01) of fish from the Ogun River compared to control fishes from the Agodi fish farm ([Fig 6](#f6-ijerph-04-00158){ref-type="fig"}).

Glutathione Level
-----------------

[Figure 4](#f4-ijerph-04-00158){ref-type="fig"} shows the levels of GSH in the various organs of *Clarias gariepinus*. GSH levels increased significantly in the liver, kidney and heart except the gills of fish from the Ogun River compared to that of control fishes from the Agodi fish farm. The percentage increase in GSH levels were 81%, 83%, and 53% respectively for liver, kidney and heart. GSH decreased by 44% in the gills compared to controls ([Fig 6](#f6-ijerph-04-00158){ref-type="fig"}).

Lipid Peroxidation
------------------

The levels of MDA formation in *Clarias gariepinus* are shown in [Fig 5](#f5-ijerph-04-00158){ref-type="fig"}. While MDA levels were significantly elevated in all the organs of fishes from the Ogun River compared to that of control fishes from the Agodi fish farm, the level of MDA was markedly increased in the gills (P\<0.001). The percentage increase in lipid peroxidation compared to control for liver, kidney, gills and heart were 177%, 102%, 168% and 71% respectively ([Fig 6](#f6-ijerph-04-00158){ref-type="fig"}).

Discussion
==========

Domestic sewage, combustion emission, mining operations, metallurgical activities and industrial effluents are among the sources of anthropogenic metal inputs and heavy metals such as Pb, Cd, Cu and Zn are released as a result of these processes \[[@b21-ijerph-04-00158]\]. Many Rivers in Nigeria are known to be polluted due to increasing industrial and agricultural production. In the last few decades, attempts have been made regarding the evaluation of aquatic pollution in certain parts of Nigeria \[[@b5-ijerph-04-00158], [@b6-ijerph-04-00158], [@b22-ijerph-04-00158], [@b23-ijerph-04-00158]\] but the assessment of metal contamination of fish has been neglected and there are no data regarding the pollution of the Ogun River located close to about six industries that discharge their effluents into the river.

In the present study, we evaluated the levels of heavy metals and certain biomarkers of oxidative stress as surrogate bioindicators of aquatic pollution in *Clarias gariepinus* which is of commercial importance and widely accepted in Nigeria \[[@b9-ijerph-04-00158]\] from the Ogun River. Our data indicate that Zn, Cd, As, Pb and Cu were accumulated in high concentrations in the liver, kidney, heart and gills of *Clarias gariepinus* from the Ogun River which led to induction of lipid peroxidation and alteration in the antioxidant enzymes in the organs of the fish. The concentration of Zn was high in the gills, liver and kidney of the fish. The highest accumulation of Zn in the gills may be due to the fact that gills serve as the respiratory organ in fishes through which metal ions are absorbed \[[@b24-ijerph-04-00158]\]. The gills are in direct contact with the contaminated medium (water) and have the thinnest epithelium of all the organs and metals can penetrate through the thin epithelia cells \[[@b24-ijerph-04-00158]\]. Also high level of Zn in the liver may possibly reflect storage and also due to the fact that the liver being a target and center for metabolism may concentrate heavy metals. The high accumulation of Zn in the liver and gills observed in our study is in support of the work of Sehgal and Saxena \[[@b25-ijerph-04-00158]\] on *Clarias gariepinus.* Moreover, high concentration of Zn was recently reported in the liver of seven fish species from the coastal waters of Uruguay \[[@b26-ijerph-04-00158]\]. High accumulation of Zn in the kidney could be based on specific metabolism process and co-enzyme catalyzed reactions involving Zn taking place in the kidney as reported by Jaffar and Pervaiz \[[@b27-ijerph-04-00158]\]. Zn also acts as a catalyst in metal biomolecules bound to amino acid side chains containing N, O and (or sulphur legends) (Kendrick et al., 1992, Vinikour et al., 1980) to form tetrahedral zinc metalloproteins and metalloenzymes in kidney tissues \[[@b4-ijerph-04-00158]\].

The highest copper concentration in the kidney may be due to the fact that fish kidney contains a cystine rich copper binding protein which is thought to have either a detoxifying or storage function as reported by Luckey and Venugopal \[[@b30-ijerph-04-00158]\]. The high concentration of copper in the liver compared to gills and heart can be ascribed to the binding of Cu to metallothionein in the liver, which serves as a detoxification mechanism. Copper though essential in the diet can be harmful when large intake occurs. The harmful toxicity is largely attributed to its cupric (Cu^2+^) forms which, is the specie commonly found \[[@b9-ijerph-04-00158]\].

The concentrations of lead and arsenite in the liver and kidney samples of fish ranged between 2.15 ppm to 3.55 ppm. The two organs contained highest concentrations of these metals compared to other organs. This result shows that both the liver and the kidneys possess the ability to concentrate heavy metals presumably due to the presence of metal binding proteins \[[@b31-ijerph-04-00158]\]. Other studies have reported similar concentrations of these metals in the two organs in fish samples \[[@b9-ijerph-04-00158], [@b32-ijerph-04-00158]\].

The cadmium concentration reported in our study is consistent and within the range reported in other studies that evaluated metal contamination of fishes. For instance Ashraf reported concentration of 0.41 ppm in the kidney of *Epinephelus microdon* fish from Arabian Gulf \[[@b4-ijerph-04-00158]\]. In another similar study, Kalay et al. \[[@b3-ijerph-04-00158]\] reported cadmium level of 1.98 ppm in the liver of *Mullus barbatus* from the coastal region of Mediterranean Sea. Lower concentration of Cd in kidney has been reported in previous studies \[[@b9-ijerph-04-00158]\] and may possibly be due to low tendency of Cd species towards the available active sites (N and/or O donor atoms) in kidney tissues to form tetrahedral or square planer Cd (II) complex species \[[@b33-ijerph-04-00158]\]. The mean concentrations in all the organs of the fish were higher than the permissible levels for consumption by International action limit for metals \[[@b16-ijerph-04-00158]--[@b19-ijerph-04-00158]\] indicating metal contamination of the fish and as such via the food chain, consumers of the fish species may be vulnerable to toxicity of the metals.

Our results indicate a significant elevation of lipid peroxidation in all the organs. The apparent increase in lipid peroxidation may be attributed to the accumulation of the heavy metals in the organs as our data indicate significant concentration of heavy metals in the various organs. Metal catalyzed formation of ROS capable of damaging tissues such as DNA, proteins and lipids is well documented \[[@b34-ijerph-04-00158], [@b35-ijerph-04-00158]\].

Furthermore, the activities of SOD, GST and the redox sensitive thiol compound GSH were elevated in all the organs except the gills. The significant increase in these organs may be a response to oxidative stress caused by the presence of heavy metals. The accumulation of heavy metals might have led to the production of superoxide anions which led to the induction of SOD to convert the superoxide radical to H~2~O~2~. SOD catalytically scavenges superoxide radical which appears to be an important agent of toxicity of oxygen and this provides a defense against this aspect of oxygen toxicity \[[@b36-ijerph-04-00158]\]. GSH is known to be a substrate for the activity of GST. The apparent increase in GSH levels with concomitant elevation in the activity of GST in the organs suggests an adaptive and protective role of this biomolecule against oxidative stress induced by the heavy metals. Our results are in agreement with the findings of Pandey et al. \[[@b35-ijerph-04-00158]\] on *Wallgo attu* fish from the Panipat river in India. The decreased levels of antioxidant enzymes and GSH with lowered level of GST in the gills could account for the marked lipid peroxidation observed. The gills are more exposed to contaminated water and as such metal can penetrate through their thin epithelial cells \[[@b23-ijerph-04-00158], [@b37-ijerph-04-00158]\].Under acute oxidative stress, the toxic effects of the pollutants may overwhelm the antioxidant defenses \[[@b24-ijerph-04-00158]\]. Furthermore, the apparent decrease in glutathione detoxification system in the gill, the first point of contact with environmental xenobiotics indicates that this system is a sensitive biochemical indicator of environmental pollution \[[@b38-ijerph-04-00158]\] in *Clarias gariepinus.* Increase in the activity of CAT and SOD is usually observed in the face of environmental pollutants \[[@b2-ijerph-04-00158], [@b35-ijerph-04-00158]\] since SOD-CAT system represents the first line of defense against oxidative stress \[[@b35-ijerph-04-00158]\]. However in the present study, the activity of CAT decreased in all the organs. The decreased CAT activity may be due to the flux of superoxide radicals, which have been shown to inhibit CAT activity \[[@b39-ijerph-04-00158]\]. A decrease in the activity of CAT has been previously reported in *Cyprinidae* fish living in Seyhan dam Lake of Turkey \[[@b38-ijerph-04-00158]\] and in sterlet (*Acipenser ruthenus* L) from the Danube river of Serbia \[40\].

Conclusion
==========

Collectively, this study shows that high concentration of Cd, Zn, Pb, Cu and As accumulated in the liver, kidney, heart and gills of fishes from Ogun River, presumably due to the high level of industrial activities near the river. This could be related to the alterations in antioxidant enzyme activities and other biomarkers of oxidative stress in *Clarias gariepinus* which may cause biochemical dysfunction in this specie. In addition, the results provide evidence that enzymic and non enzymic biomarkers of oxidative stress can be sensitive indicators of aquatic pollution.

![The activities of superoxide dismutase (SOD) in the livers, kidney, Gills and heart of *Clarias gariepinus* from Ogun River and Agodi farm. Values are mean ± SD of 10 fishes. Significantly different from control,\* p\<0.001;\*\* p\<0.01](ijerph-04-00158f1){#f1-ijerph-04-00158}

![The activities of catalase (CAT) in the livers, kidney, Gills and heart of *Clarias gariepinus* from Ogun River and Agodi farm. Values are mean ± SD of 10 fishes. Significantly different from control,\* p\<0.001](ijerph-04-00158f2){#f2-ijerph-04-00158}

![The activities of Glutathione S-transferase (GST) in the livers, kidney, Gills and heart of *Clarias gariepinus* from the Ogun River and Agodi farm. Values are mean ± SD of 10 fishes. Significantly different from control,\* p\<0.001;\*\* p\<0.01; \*\*\*p\<0.05](ijerph-04-00158f3){#f3-ijerph-04-00158}

![The levels of glutathione (GSH) in the livers, kidney, Gills and heart of *Clarias gariepinus* from the Ogun River and Agodi farm. Values are mean ± SD of 10 fishes. Significantly different from control,\* p\<0.001;\*\* p\<0.01; \*\*\*p\<0.05.](ijerph-04-00158f4){#f4-ijerph-04-00158}

![The levels of malondialdehyde (MDA) in the livers, kidney, Gills and heart of *Clarias gariepinus* from the Ogun River and Agodi farm. Values are mean ± SD of 10 fishes. Significantly different from control,\* p\<0.001;\*\* p\<0.01; \*\*\*p\<0.05.](ijerph-04-00158f5){#f5-ijerph-04-00158}

![The percentage change in the activities of superoxide dismutase (SOD), catalase (CAT), glutathione S-transferase (GST) and the levels of glutathione (GSH) and malondialdehyde (MDA) in the livers, kidney, Gills and heart of *Clarias gariepinus* from the Ogun River relative to Agodi farm.](ijerph-04-00158f6){#f6-ijerph-04-00158}

###### 

The levels of heavy metals in the liver, kidney, gills and heart of *Clarias gariepinus* from the Ogun River (test sample) and Agodi River (control).

  *Heavy Metals*   *Organs of fish*                                                                                                                                                                            
  ---------------- ------------------------------------------------------------- -------------------------------------------------------------- -------------------------------------------------------------- --------------------------------------------------------------
  *Zn (ppm)*                                                                                                                                                                                                   
  Control          0.3 ± 0.01                                                    0.40± 0.02                                                     0.80 ± 0.01                                                    0.9± 0.01
  Test sample      8.96 ± 0.90[\*](#tfn2-ijerph-04-00158){ref-type="table-fn"}   20.35 ± 0.98[\*](#tfn2-ijerph-04-00158){ref-type="table-fn"}   19.05 ± 2.34[\*](#tfn2-ijerph-04-00158){ref-type="table-fn"}   19.75 ± 1.87[\*](#tfn2-ijerph-04-00158){ref-type="table-fn"}
  \% Change        2886                                                          4987                                                           2281                                                           2094
                                                                                                                                                                                                               
  *Pb (ppm)*                                                                                                                                                                                                   
  Control          ND                                                            0.02± 0.01                                                     0.03± 0.01                                                     0.06± 0.02
  Test sample      1.69 ± 0.96                                                   2.40 ± 0.55[\*](#tfn2-ijerph-04-00158){ref-type="table-fn"}    3.35 ± 0.38[\*](#tfn2-ijerph-04-00158){ref-type="table-fn"}    3.40 ±0.72[\*](#tfn2-ijerph-04-00158){ref-type="table-fn"}
  \% Change        \-                                                            11900                                                          11066                                                          5566
                                                                                                                                                                                                               
  *Cu (ppm)*                                                                                                                                                                                                   
  Control          0.09± 0.02                                                    0.13±0.01                                                      0.15± 0.01                                                     0.18± 0.02
  Test sample      2.19 ± 0.33[\*](#tfn2-ijerph-04-00158){ref-type="table-fn"}   4.55 ± 0.54[\*](#tfn2-ijerph-04-00158){ref-type="table-fn"}    5.0 ± 0.50[\*](#tfn2-ijerph-04-00158){ref-type="table-fn"}     4.70 ± 0.60[\*](#tfn2-ijerph-04-00158){ref-type="table-fn"}
  \% Change        2333                                                          3400                                                           3233                                                           2511
                                                                                                                                                                                                               
  *Cd (ppm)*                                                                                                                                                                                                   
  Control          ND                                                            ND                                                             ND                                                             0.01
  Test sample      0.25 ± 0.13                                                   2.05 ± 0.48                                                    0.69 ± 0.43                                                    2.10 ± 0.58
  \% Change        \-                                                            \-                                                             \-                                                             20900[\*](#tfn2-ijerph-04-00158){ref-type="table-fn"}
                                                                                                                                                                                                               
  *As (ppm)*                                                                                                                                                                                                   
  Control          ND                                                            ND                                                             ND                                                             ND
  Test sample      1.0 ± 0.1                                                     1.95 ± 0.82                                                    2.30 ± 0.0.86                                                  2.15 ± 0.42
  \% Change        \-                                                            \-                                                             \-                                                             \-

The results are expressed as mean of 10 fishes ± SD.

Significantly different from control, p\<0.001. ND= Not detected.
